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Cannizzaro’s reactionAbstract A new simple spectrophotometric method has been developed for the determination of
metribuzin herbicide in formulations and potato samples. The method is based on the reaction
of p-dimethylamino-benzaldehyde (DMAB) with sodium hydroxide via Cannizzaro’s reaction at
100 C to form a p-dimethylaminobenzoic acid. The resultant p-dimethylaminobenzoic acid reacted
with metribuzin herbicide in acidic media at 100 C and the yellow colored product was measured at
455 nm. The reaction conditions and other analytical parameters were studied and optimized. A lin-
ear plot between absorbance and concentration over the range from 0.2 to 20 lg mL1 was found
with molar absorptivity of 2.1 · 104 L mol1 cm1. The limit of detection (LOD) and limit of quan-
tiﬁcation (LOQ) were found to be 0.05 and 0.2 lg mL1, respectively. The proposed method has
been successfully applied for the analysis of commercial formulation and potato sample. The recov-
eries of the method were found to be in the range from 92.16 ± 0.06% to 96.66 ± 0.18%.
Two level factorial designs of 23 and 22 were used to optimize all parameters, determine the inﬂu-
ence of different parameters and their interactions on the ﬁnal product formation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Metribuzin (4-amino-6-tert-butyl-4,5-dihydro-3-methylthio-
1,2,4-triazin-5-one) is a selective herbicide applied for the con-
trol of pre emergence or early post emergence of annual
grasses and broad leaf weeds. Crops tolerant to metribuzin in-
clude tomato, potato, sugarcane and soybeans. The residual
life and activity of metribuzin are inﬂuenced by adsorption
to soil particles, photo transformation and degradation in soil
(Kaufman and Kearney, 1988). The leaching depends on the
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soil (Ludvik and Zuman, 2000). The bioavailability of metrib-
uzin is dependent on the type of plant parts ingested and the
variety of plant species (Mathew et al., 1998).
Various studies on metribuzin have been investigated by
using the electroanalytical method (Skopalova et al., 2001),
chromatographic methods such as liquid chromatography
(Erenchun et al., 1977; Lawrence et al., 1996; Papadakis and
Mourkidou, 2002; Shah et al., 2011), gas chromatography
(Beltran et al., 1997), micellar electro kinetic chromatography
(Huertas-Perez et al., 2006; Martinez et al., 2003), capillary
zone electrophoresis (Molina et al., 2007) and molecularly im-
printed polymer (Breton et al., 2006; Ara et al., 2012). Major-
ity of these methods are often labor intensive and time
consuming. One of the spectrophotometric methods reported
by our group for metribuzin determination is based on its com-
plexation with copper (Shah et al., 2009).
The present method is based on spectrophotometric deter-
mination of metribuzin herbicide by reacting with p-dimethyl-
aminobenzaldehyde (DMAB) via Cannizzaro’s reaction. The
yellow colored product produced was measured at 455 nm.
The method is simple and sensitive. The present method is sen-
sitive since the linear plot between absorbance and concentra-
tion was found over the range from 0.2 to 20 lg mL1 than the
method reported for direct reaction of DMAB with the amino
group in acidic media (Adegoke and Nwoke, 2008) having a
linear range from 0 to 7 lg mL1.
2. Materials and methods
2.1. Apparatus
UV/Vis Spectrophotometer (Model SP-3000 plus, Optima To-
kyo Japan), with matched 1 cm quartz cells for all spectropho-
tometric measurements and thermostatically controlled water
bath (Yu Jia China) was used for heating purpose.
2.2. Reagents
All chemicals used were of analytical reagent grade or similar.
p-Dimethylamino-benzaldehyde (96.66%), NaOH and HCl
(37%), methanol (99.8%) (Merck Darmstadt, Germany) were
used throughout the work without further puriﬁcation. Refer-
ence standard of metribuzin was purchased from Dr. Ehren-
stofer GmbH (Germany). Commercial formulation
Metribuzin 70 WP containing 70% W/W of active ingredient
(Roots International Agro Division) was purchased from the
local market. p-dimethylamino-benzaldehyde (0.04 mol L1)
solution was freshly prepared by dissolving 0.6 g in 100 mLTable 1 23 Factors and levels used in the factorial design for optim
Run A* B* C* DMAB (mol L1) A* NaO
1 1 1 1 0.01 0.25
2 +1 1 1 0.04 0.25
3 1 +1 1 0.01 0.87
4 +1 +1 1 0.04 0.87
5 1 1 +1 0.01 0.25
6 +1 1 +1 0.04 0.25
7 1 +1 +1 0.01 0.87
8 +1 +1 +1 0.04 0.87of methanol. Metribuzin stock solution (1000 lg mL1) was
prepared by dissolving 0.1 g of authentic standard reagent in
50 mL methanol and diluted with distilled water up to
100 mL. Working standard of 100 and 10 lg mL1 solutions
was prepared from a stock solution by dilution with water.
Sodium hydroxide solution of 0.87 mol L1 was used.2.3. Procedure
Aliquots of standard solution containing metribuzin in the
range of 0.2–20 lg mL1 were transferred quantitatively into
reaction ﬂasks followed by the addition of 10 mL DMAB
(0.04 mol L1) and 2 mL of NaOH (0.87 mol L1) solutions.
The solutions were heated at 100 C for 4.0 min on a water
bath. The solutions were then acidiﬁed with 2.8 mol L1
hydrochloric acid solution and continued heating further for
1.0 min more. After cooling, the solutions were diluted to
25 mL with distilled water and allowed to stand for 15.0 min.
The absorbance of the colored product was measured at
455 nm against reagent blank.2.4. Standard addition method for real samples
The validity of the method was conﬁrmed by applying the
standard addition technique. In this method several different
concentrations of the standard metribuzin solution (3.0, 3.7,
5.7 lg mL1) were added to the known weight of control sam-
ples of potato. Metribuzin was extracted by soaking the pota-
toes in 250 mL chloroform for two hours and then sonicated
for 15.0 min. After sonication the samples were ﬁltered. The
chloroform ﬁltrate was evaporated at 40 C on water bath
and the residue was redissolved in 10 mL methanol. The meth-
anolic solution was then analyzed by the proposed method and
the % recoveries were calculated.
2.4.1. Determination of metribuzin in commercial formulation
and potatoes
Known amount of commercial formulation containing metrib-
uzin was taken and diluted with methanol up to 50 mL and
was ﬁltered to remove any insoluble substances from it. The
solutions were then analyzed by the proposed method.
For residue determination in real samples, metribuzin was
extracted by soaking known weight of potatoes in 250 mL
chloroform for two hours and then sonicated for 15.0 min.
After sonication the sample was ﬁltered. The chloroform ﬁl-
trate was evaporated at 40 C on water bath and the residue
was redissolved in 10 mL methanol. The methanolic solution
was then analyzed by the proposed method.ization of variables in step I.
H (mol L1) B* Heating time (min) C* Response absorbance
1 0.032
1 0.110
1 0.123
1 0.193
4 0.100
4 0.335
4 0.547
4 0.792
Table 2 22 Factors and levels used in the factorial design for optimization of variables in step II.
Run A* B* Heating time (min) A* HCl (mol L1) B* Response absorbance
1 1 1 0.5 0.44 0.032
2 +1 1 1.0 0.44 0.210
3 1 +1 0.5 2.81 0.610
4 +1 +1 1.0 2.81 0.792
S568 B. Ara et al.2.5. Experimental design for optimization of experimental
variables
In order to ﬁnd the inﬂuence of different parameters and their
interactions on the ﬁnal product formation, 23 and 22 factorial
designs were studied for steps 1 and 2 of the reaction, respec-
tively. These designs resulted in experiments with a complete
recurrence performed in one run. The design matrixes are gi-
ven in Table 1 and 2.
Experimental design calculations were processed using the
software Stat-Ease Design-Expert trial Version 7.1.6.N(CH3)2C
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Figure 1 Proposed reaction mechanism for specA 23 factorial design was built for optimization of three fac-
tors, which resulted in a total of eight experiments. Similarly,
for the evaluation of two factors in step 2, a 22 factorial design
with only four experiments is described.
3. Results and discussion
In the present study DMAB through Cannizzaro’s reaction re-
acted with metribuzin in acidic media via its amino group and
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Figure 2 Effect of DMAB reagent concentration on formation of
ﬁnal product. Metribuzin = 20 lg mL1, NaOH= 0.75 mol L1,
heating temperature = 100 C, heating in step 1 = 3 min, heating in
step 2 = 1 min HCl = 0.85 mol L1.
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Figure 3 Effect of NaOH concentration on formation of ﬁnal
product. Metribuzin = 20 lg mL1, DMAB= 0.040 M mol L1,
heating temperature = 100 C, heating in step 1 = 3 min, heating
in step 2 = 1 min HCl = 0.85 mol L1.
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Figure 4 Effect of heating time in step 1 on formation of ﬁnal
product. Metribuzin = 20 lg mL1, DMAB= 0.02 M mol L1,
NaOH= 0.87 mol L1, heating temperature = 100 C, heating
time in step 2 = 1 min, HCl = 0.85 mol L1.
1.4
1.5
1.5
1.6
1.6
1.7
1.7
0 1 2 3 4 5
A
bs
or
ba
n
ce
Time (min)
Figure 5 Effect of heating time in step 2 on the reaction of ﬁnal
product formation. Metribuzin = 20 lg mL1, DMAB=
0.040 Mmol L1, NaOH= 0.87 mol L1, heating tempera-
ture = 100 C, heating time in step 1 = 4 min, HCl = 0.85 mol L1.
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Figure 6 Effect of HCl concentration on the acidity of ﬁnal
product formation. Metribuzin = 20 lg mL1, DMAB=
0.040 Mmol L1, NaOH= 0.87 mol L1, heating tempera-
ture = 100 C, heating time in step 2 = 1 min, heating time in step
1 = 4 min.
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colored reaction product were optimized. Such variables werechanged and optimized individually while other variables were
kept constant. The variables studied were concentration of
DMAB, sodium hydroxide, hydrochloric acid and heating
time for reaction.
3.1. Effect of reagent concentration
The reaction of metribuzin with derivative DMAB solution
was found to yield a very stable colored product. The
concentration of DMAB was studied in the range of
0.0067–0.06 mol L1. The absorbance increased up to
0.040 mol L1 solution (Fig. 2). Beyond this no change in
absorbance was observed with an increase in molar concentra-
tion of DMAB.
The derivatized p-dimethylaminobenzoic formed from
DMAB in alkaline media. Therefore the effect of NaOH con-
centration on the reaction was studied and maximum reaction
product was formed at 0.87 mol L1 solution of NaOH
Table 6 Determination of metribuzin in fortiﬁed real samples
and commercial formulation.
Real samples/
commercial
formulation
Sample conc.
taken
(lg mL1)
Standard
conc. added
(lg mL1)
Recovery
(%)
Potatoes 0.4 3.0 92.3 ± 0.34
3.7 92.2 ± 0.06
5.7 95.3 ± 0.06
Metribuzin formulation 2.2 3.0 99.0 ± 0.18
3.7 95.7 ± 0.12
5.7 93.7 ± 0.10
Table 3 Effect list of main factors and their interactions for 23 factorial design.
Error or included in model Term Eﬀect Sum of square % Contribution
Model A-DMAB reagent (mol L1) 0.157 0.04 10.03
Model B-NaOH(mol L1) 0.269 0.149 29.550
Model C-heating time in step I 0.329 0.216 44.040
Model AB 0.000 5.0 · 107 0.000
Model AC 0.083 0.013 2.803
Model BC 0.018 0.066 13.550
Model ABC 0.004 4.0 · 105 0.008
Lenth’s ME 0.886 Lenth’s SME 2.121
Table 4 Effect list of main factors and their interactions for 22 factorial design.
Error or included in model Term Eﬀect Sum of square % Contribution
Model A-heating time in step II 0.18 0.032 8.785
Model B-HCl (mol L1) 0.580 0.336 91.21
Model AB 0.002 4.0 · 106 0.001
Lenth’s ME 3.430683 Lenth’s SME 10.137
Table 5 Optical characteristics for spectrophotometric deter-
mination of metribuzin.
Characteristics Analysis
k max (nm) 455
Color Yellow
Calibration curve range (lg mL1) 0.2–20
Slope 0.0287
Limit of detection (lg mL1) 0.05
Limit of quantiﬁcation (lg mL1) 0.2
Molar absorptivity (L mol1 cm1) 2.1 · 104
Relative standard deviation 5.2
Correlation coeﬃcient (r2) 0.9974
S570 B. Ara et al.(Fig. 3.). Above this concentration, hydrolysis of metribuzin
might be taking place and thus gives a sharp decrease in
absorbance.
3.2. Effect of heating time at 100 C, acidity and time
The effect of heating time for conversion of DMAB into p-
dimethylaminobenzoic acid via Cannizzaro reaction was stud-
ied from 1.0 to 6.0 min. Maximum formation of p-dimethyla-
minobenzoic acid was observed with 4.0 min heating at100 C on a water bath (Fig. 4). Above this temperature, no
further increase in product takes place and thus the absor-
bance becomes constant. Similarly the heating time for the
reaction of p-dimethylaminobenzoic acid with metribuzin
was studied from 0.5 to 4.0 min at 100 C. Increase in product
concentration was observed with 1.0 min heating and there
was no effect on product formation with a further increase
in heating time (Fig. 5.). The effect of acidity on the yellow col-
ored product formation was studied. The results are shown in
Fig. 6. As can be seen that with the increase in concentration of
HCl solution an increase in absorbance was observed from 0.5
to 2.0 mol L1 and then a small increase from 2.0 to
2.8 mol L1 solution of HCl. Increase in concentration beyond
2.8 mol L1 leads to a decrease in absorbance of the product.
Therefore, 2.8 mol L1 HCl solution was used for adjustment
of acidity of solution.
To check the stability of the ﬁnal reaction product, the ef-
fect of time was studied up to 3 days (72 h) with interval of
2 h. The colored reaction product was found to be stable for
about 2 days (44 h).
3.3. Experimental design to optimize different variables for
metribuzin determination optimization for step 1 using 23
factorial design
A 23 factorial design with a complete repetition performed in
one run resulting in a total of eight experiments was chosen
for optimization of heating time, concentration of p-dimethyl-
amino-benzaldehyde and NaOH solutions. The effect of
changing a factor from a low to a high level value was studied
on absorbance measurement. The highest response was found
in the eight run of Table 1 giving optimum heating time to be
4.0 min, p-dimethylamino-benzaldehyde and NaOH concen-
trations of 0.04 and 0.87 mol L1, respectively.
Among the three factors, all showed a positive effect but the
most prime impact on the ﬁnal product formation was found
to be the heating time in step 1 (C). Heating time in step 1
shows 44.04% contribution for product formation against
29.55% and 10.03% contribution of NaOH and DMAB re-
Spectrophotometric determination of metribuzin herbicide with p-dimethylamino-benzaldehyde S571agent concentrations. BC (13.55) is signiﬁcant than AC (2.80)
and AB (1.0 · 104) among all possible combinations of inter-
action (Table 3).
3.3.1. Optimization for step 2 using 22 factorial design
A 22 factorial design with a complete repetition performed in
one run resulting in a total of four experiments was chosen
for optimization of heating time and concentration of HCl
solution.
The highest response was found in the fourth run in Table 2
giving optimum heating time to be 1.0 min and HCl concentra-
tion of 2.8 mol L1 for the reaction of metribuzin with p-dim-
ethylaminobenzoic acid.
HCl concentration was observed as a key factor with %
contribution of 90 in controlling the formation of maximum
ﬁnal product (Table 4).
3.3.2. Final equation in terms of actual factors of 23 and 22
factorial designs
The overall absorbance of ﬁnal equation in terms of actual fac-
tors of 23 indicates that all the factors (A, B and C) and some
of their interactions (AC and AB) are inﬂuencing the absor-
bance of the ﬁnal product formation to more or less extent.
Absorbance (2.54) = 0.622 (DMAB)  0.05 (conc. of
NaOH)  0.04 (heating time in step 1) + 1.84 (DMAB · heat-
ing time in step 1) + 0.19 (conc. of NaOH · heating time in
step 1).
In case of 22 factorial design, the equation ﬁnishes up with a
sum of absorbance presenting the degree of participation of
the two factors (A and B) in the last step of the reaction.
Absorbance (0.433) = 0.189 (heating time in step
2) + (conc. of HCl).
3.4. Analytical characteristics
The absorbance concentration curve was found linear over the
concentration range of 0.2–20 lg mL1. The most important
optical characteristics and quantitative parameters, such as
slope, intercept, correlation coefﬁcient obtained by the linear
square treatment of the calibration graph are given in Table 5.
Under the speciﬁed reaction conditions, the linearity of the cal-
ibration line was proved by the high value of correlation coef-
ﬁcient (r2). The molar absorptivity of the resulting yellow
colored product was found to be 2.1 · 104 L mol1 cm1 with
limit of detection (3s/b) and quantiﬁcation (10s/b) of 0.05 and
0.2 lgmL1, respectively, where s is the slope and b is the
intercept.
3.5. Application
A recovery test was performed on control samples fortiﬁed
with known concentration of metribuzin solution. Six repli-
cates of the fortiﬁed samples were analyzed using the proposed
method. The results are summarized in Table 6. The percent-
age recoveries were from 92.16% to 95.26% for potato
samples.
For more conﬁrmation of the analytical applications of the
proposed method, the standard addition method was applied
to a commercial product. The recovery studies were carried
out after adding known quantities of authentic standard tothe preanalyzed formulation (Table 6). The percentage recov-
eries were in the range of 93.68–96.66%.
The method was also applied for residue determination in
potato samples and commercial formulation. The values for
metribuzin in potatoes were found to be
(8.25 lg g1 ± 0.05) · 104. The value obtained for commer-
cial formulation was comparable with the label value.
4. Conclusion
The proposed method described for spectrophotometric deter-
mination of metribuzin is simple, rapid and cost-effective as
compared to the reported chromatographic methods for deter-
mination of metribuzin. The color of the ﬁnal product is stable
at room temperature for 2 days and the limits of quantiﬁcation
show that the developed method can satisfactorily be used to
determine metribuzin at lower concentrations in different
samples.
The optimum conditions for highest absorption due to
maximum colored product formation were found using 23
and 22 factorial designs. The primary effective factors of 23
and 22 factorial designs responsible for the maximum absorp-
tion were found to be (A, B and C) and (A and B), respectively.References
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